The associative deficit hypothesis (ADH) posits that age-related differences in recognition of associations are disproportionately larger than age differences in item recognition because of age-related difficulty in binding and retrieval of two or more pieces of information in a memory episode. This proposition rests on the observation of disproportionately greater age differences in memory for associations than in recognition of individual items. Although ADH has been supported in experiments with verbal and nonverbal stimuli, the effects of task or stimulus characteristics on its generalizability remain unclear. In a series of experiments, we examined how salience and variability of face stimuli presented in face-name pairs affect age differences in recognition of items and associations. We found that a disproportionate age-related deficit in the recognition of face-name associations emerges when face stimuli are more complex, salient, variable, and distinctive, but not when standardized faces appear within minimal visual context. These findings indicate that age-related associative memory deficits may stem at least in part from age differences in use of stimulus characteristics for contextual support.
Older adults perform worse than their younger counterparts on tests of episodic memory (Verhaeghen, Marcoen, & Goossens, 1993) , including memory for associations between words and nonverbal stimuli. Forming associations seems particularly difficult for older people, even when the individual items are remembered well. This apparent discrepancy between age differences in memory for items and associations inspired the associative deficit hypothesis (ADH; Naveh- Benjamin, 2000) , which has been upheld in multiple experiments with various stimuli: pairs of words (e.g., Bender, NavehBenjamin, & Raz, 2010; Castel & Craik, 2003; Light, Patterson, Chung, & Healy, 2004; Naveh-Benjamin, 2000) , objects (Naveh- Benjamin, Hussain, Guez, & Bar-On, 2003) , faces (Rhodes, Castel, & Jacoby, 2005) , faces paired with spatial locations (Bastin & Van der Linden, 2006) , persons paired with activities (Old & NavehBenjamin, 2008b) , and face-name pairs (James, Fogler, & Tauber, 2008; Naveh-Benjamin, Guez, Kilb, & Reedy, 2004; NavehBenjamin, Shing, Kilb, Werkle-Bergner, Lindenberger, & Li, 2009; see Old & Naveh-Benjamin, 2008a for a meta-analysis). Although these findings suggest that ADH may be a universal phenomenon of aging, it is important to examine its boundaries of generalizability and to examine the conditions under which it may not hold.
Such an examination draws attention to stimulus characteristics that may differentially influence item and associative memory performance in younger and older adults. For associative binding involving visual stimuli, higher visual complexity of the items, or greater variability therein, may serve as a vehicle for environmental support of associative binding by enhancing item distinctiveness and saliency. That is, as increasing environmental support can improve memory (Craik, 1986) , adding external contextual cues to enhance episodic memory by enriching the stimuli is a plausible way to mitigate associative deficits. Unfortunately, age-related deficits in memory for contextual information exceed those in memory for specific items (Spencer & Raz, 1995) , and failure to bind content to contextual features surrounding the stimuli or embedded therein has been advanced as an explanation for age-related memory deficits (Chalfonte & Johnson, 1996; Light, 1991; Mitchell, Johnson, Raye, & D'Esposito, 2000; Naveh-Benjamin, 2000) . These studies, however, have primarily focused on age-related decrements in memory for contextual and source-related information over memory for content or contextual feature binding. Incorporating visual stimuli as contextual support necessitates feature binding and unitization, and visual complexity may tax age-limited cognitive resources such as working memory and attention, which are essential for effective associative binding and retrieval. To the best of our knowledge, the differential contributions of visual complexity that give rise to stimulus salience and to emergence of age-related interitem binding deficits has not been examined.
Recognizing that a given name belongs to a given face is a difficult task for older adults (James, 2004) . Moreover, differences in stimulus properties, sample characteristics, and intentionality of study may modify the extent of the age-related face-name associative memory deficits (Naveh- Benjamin et al., 2009 ). Although face stimuli in studies of associative memory span a wide range from ecologically valid and contextually detailed (Naveh-Benjamin, Guez, Kilb, & Reedy, 2004) to standardized and contextually impoverished (James, 2004) , the influence of stimulus complexity and differences in item saliency and distinctiveness on the magnitude of age-related differences in memory for face-name associations previously has not been systematically investigated. Similarly, the saliency and distinctiveness of face stimuli arising from interstimulus differences in auxiliary visual dimensions including lighting, affect, eye and skin color, camera angle, and background composition might contribute to the production of such deficits. Thus, it is unclear how stimulus properties affect relational binding, as the influences of image salience, complexity, and variability on generation of the age-related associative deficit are poorly understood. Accordingly, the effect of stimulus characteristics on the magnitude of age differences in associative memory merits further evaluation.
Experiment 1 was conceived as an attempt to replicate the ADH effect (Naveh- Benjamin, 2000) previously observed in typical older participants for face-name pairs (Naveh- Benjamin et al., 2004) in a sample of adults selected for optimal health (Bender et al., 2010) . Importantly, the aim of Experiment 1 was to examine the generalizability of the ADH effect by replicating it in a sample that supported ADH for word pairs (Bender et al., 2010) . The recognition task in Experiment 1 was adapted from Naveh- Benjamin et al. (2004) , with minor modifications in the task design but with a major alteration of the stimuli. The original color face stimuli sampled from Internet sources were replaced by standardized, grayscale face images from a normed database (Kennedy Hope, & Raz, 2009 ). However, as we were unable to replicate the finding by Naveh-Benjamin and colleagues in Experiment 1, we proceeded to examine the possible reasons for this replication failure in Experiments 2a, 2b, and 3. That is, driven by the failure to replicate an ostensibly robust cognitive phenomenon in Experiment 1, we investigated the impact of stimulus characteristics, and specifically differences in stimulus complexity and salience, on age differences in binding of verbal and nonverbal stimuli.
Experiment 1 Method
Participants. Participants were recruited from the greater Detroit metropolitan community through advertisements in local media, flyers, and word of mouth, and all signed an informed consent form approved by the university institutional review board (IRB).
Prior to enrollment, potential participants completed a self-report health questionnaire to screen for a history of health problems including cardiovascular, neurological, or psychiatric disease, cancer, head trauma with loss of consciousness for more than 5 minutes, thyroid disorder, diabetes, and treatment for drug and alcohol abuse. Persons who reported drinking more than three alcoholic beverages per day, or taking anticonvulsive, anxiolytic, antipsychotic, or antidepressant medications were not enrolled in the study. All participants were native English speakers and had normal near, far, and color vision (Optec, 2000 Vision Tester, Stereo Optical Co., Inc., Chicago, IL) and adequate speech-range hearing (MA27 Screening Audiometer, Maico Diagnostics, Eden Prairie, MN). Participants were screened for depressed mood with a depression questionnaire (Radloff, 1977 ; cut-off score of 15), and for cognitive impairment with the Mini Mental State Examination (MMSE; Folstein, Folstein, & McHugh, 1975 ; cut-off score of 26).
The sample consisted of 236 adults (18 to 85 years of age), including 156 women and 80 men, who had at least a high school diploma or equivalency, with mean education approaching four years of college (15.9 Ϯ 2.5 years). This sample was a subset of the 278 participants for whom an associative deficit has been observed for word pairs (Bender et al., 2010) . These data were acquired in the first wave of a longitudinal study, with the word pair task reported by Bender et al. (2010) and the face-name task administered on the consecutive days of testing. From the 278 participants, 37 withdrew from the study before completing the face-name task. An additional five participants completed the face-name task, but their data were unusable due to experimenter errors in counterbalancing assignments. The 42 participants, whose data could not be included in the present study, did not differ from the rest of the sample on any screening criteria. In the 236 participants retained for analysis, men and women did not differ in mean age, years of education, or MMSE (see Table 1 ).
Design and procedure. To test differential recognition of items and associations, we used a two-alternative, forced-choice (2-AFC) paradigm to test participants' ability to remember faces, names, and face-name pairings (Naveh- Benjamin et al., 2004) . The experimental procedure was divided into three blocks, each of which included separate phases for study of stimulus pairs, a brief interpolated activity task, and four separate recognition tasks. After performance on the first block, the procedure was repeated twice using new stimulus lists for study and recognition testing. Each of the three blocks involved a study phase that included 48 unique, gender-matched face-name pairings. The combinations of first and last names (an equal number of masculine and feminine) were sampled randomly from a phone directory (Naveh- Benjamin et al., 2004) . Face stimuli rendered in gray scale were sampled Note. MMSE ϭ Mini-Mental State Examination. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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from the Minear and Park (2004) database that was modified and normed in our lab on samples drawn from the population that also served as the source for all samples used in the present studies (Kennedy et al., 2009) . Half of the face stimuli were sampled from the younger (ages 18 to 49) and half from the older (ages 50 to 94) age category. Face stimuli were balanced for sex and ethnic diversity across the age categories. Any given name or face appeared on only one of the tests. Examples of the face-name stimuli and the task design are shown in Figure 1 . In the study phase of each block, one of three lists of 48 face-name pairs was presented, in which each face-name pair was displayed on the computer screen for 3 s with the face appearing above the name with a 200-ms interpair interval. The order of the three stimulus lists was counterbalanced in a Latin square. Because age-related differences are not observed on incidental learning of face-name associations (Naveh- Benjamin et al., 2009) , we informed the participants before the first block that their memory for the names, the faces, and their pairings would be tested and that they were to pay attention to each face, each name, and each face-name pair.
To minimize rehearsal following study, participants counted backward by threes from a random number between 900 and 999 for 60 s. Following study and interpolated activity phases, participants performed recognition tests for four types of stimuli: faceitem, name-item, face-association, and name-association. The item recognition tests required participants to distinguish previously studied targets from unstudied foil stimuli. In contrast, all test stimuli on the two associative recognition tests were presented at study phase, and participants were required to choose the correct pairings from two faces presented with a single name (face-association) or two names shown with one face (name-association). The four 2-AFC recognition tests were administered in a counterbalanced order for each participant (24 possible presentation orders).
During the test phase, participants indicated recognition by pressing one of two keys on a 104-key Dell computer keyboard (Dell Inc., Round Rock, TX). Response labels were placed on keys to facilitate response; a "Left" label was on the D key and a "Right" label was on the K key. Target/foil screen position (left, right) was randomized during tests. To prevent using mismatches as recognition decision cues (Naveh- Benjamin et al., 2004) , the faces, names, and combinations were matched on age and gender. Participants were told that all stimuli had appeared in the study phase and that their task was to choose the appropriate pairing. All tests were self-paced with a response initiating the subsequent trial, Figure 1 . Examples of stimuli from the face-name recognition task in Experiment 1. Face stimuli were rendered in gray scale, sampled from the Minear and Park (2004) database, modified and normed on samples drawn from the population that served as the source for all samples used in the present studies (Kennedy et al., 2009 ). In the study phase, participants saw 48 face-name pairs for 3 s each with 200 ms inter-trial interval. Separate, two-alternative forced-choice recognition tasks tested participants' recognition memory for items and associations for faces and names, in 12 trials per test. The item task had participants indicate which face or name (left or right) had been presented at study. In the association task, participants responded by indicating which face or name (left or right) had been paired with the target item during the study phase. This document is copyrighted by the American Psychological Association or one of its allied publishers.
following a 250-ms intertrial interval. Prior to the study session, participants received a one-trial familiarization for each test. Forced-choice item (face-name) recognition tests. Participants performed 12 trials per stimulus type. In each trial, two faces (two names) appeared side-by-side; one was a previously studied ("old") target, the other was a new (i.e., a foil) target. Target and foil faces were matched on age, sex, and ethnicity, and target and foil first names were matched on sex. Participants pressed a key to indicate whether the left or right stimulus was recognized as "old."
Forced-choice face-name associative recognition tests. In each of 12 trials, a single face (name) appeared above two, sideby-side, names (faces) with similar characteristics. All were among the members of the originally studied pairs, but one item was originally paired with the target, whereas the other was a foil previously paired with a different item at study. Participants indicated via key press whether the left or right stimulus was presented with the target item during study. Following completion of study and test phases for one stimulus list, the procedure was repeated with the remaining two lists.
Data conditioning. Responses under 300 ms or longer than 10 s were considered errors and excluded from analyses. Proportion correct (PC, number of correct responses/total number of trials), the most sensitive index of discriminability in 2-AFC tasks (Green & Swets, 1966; Stanislaw & Todorov, 1999) , was used as in previous associative memory studies (Naveh-Benjamin et al., 2004) . The PC scores were arcsine-transformed to minimize skewness. Due to experimenter error, five participants were administered list presentations that were inconsistent with the Latin square counterbalancing, and their data were excluded from the analyses.
Statistical analyses. The general linear modeling (GLM) framework was used to analyze recognition performance, with PC as the dependent variable, age, centered at the sample mean, as a continuous independent variable, and sex and list order (1, 2, 3) as categorical covariates. Test (items, associations), stimulus types (faces and names), and presentation list (1, 2, 3) were repeated measures. The second-order interactions were tested, but removed from the final model if found nonsignificant; the reduced model was reevaluated. Huynh-Feldt correction was used to account for sphericity violations in tests of interactions. Post hoc tests of simple effects were performed using Newman-Keuls tests (critical p Ͻ .05). We hypothesized that in accord with ADH, older adults would perform disproportionately worse on tests of associative memory compared to item recognition. In other words, we hypothesized a significant Age ϫ Test interaction. Although the list and list order factors as well as their interactions with other variables were included as nuisance covariates to test for potential differences across those dimensions, we had no a priori hypotheses regarding those effects.
Results
Recognition accuracy. Advanced age was associated with lower PC across tests, but there were no other significant main effects (all p Ͼ .1; Table 2 ). Most notably, there was no Test ϫ Age interaction, (F Ͻ 1) as age-related differences of equivalent magnitude were observed for recognition of items and associations (see Figure 2 ). In addition, there were several significant interactions with the repeated measure factors, list and list order that were unrelated to aging or tests of an age-related associative memory deficit. The differences among various combinations of stimulus type, list, and order on post hoc tests were significant but small and revealed no meaningful patterns.
To ensure that the testing conditions did not produce scores with differential unreliability, we evaluated the internal consistency of the four tasks, for all lists. Cronbach's alpha for face recognition ranged from .53 to .68, and for name recognition from .59 to .64, for the three lists of face-associative recognition from .57 to .60, and from .56 to .62 for name-associative recognition. Thus, comparable reliability was obtained for all recognition tests.
Speed of processing. Response times (reaction time [RT] ) recorded for all tasks, trial-by-trial, were averaged across hit trials for each test and stimulus list. To correct for RT distribution skewness, we applied a log transformation. Log-transformed RT (logRT) was the dependent variable in a GLM similar to the one employed in the PC analyses above. The analyses showed a main effect of age on logRT but no interactions with test (see Table 2 ).
In addition, we reanalyzed the previously reported word pair task data (Bender et al., 2010) for 236 participants included in the present study. Briefly, using a general linear modeling (GLM) framework we evaluated the differential contributions of age (centered at the sample mean) on arcsine transformed A= scores calculated from the hit rate and false alarm rates for recognition of items (studied targets vs. unstudied foils) and associations (intact pairs vs. rearranged pairs), which were treated as repeated measures. Results of the GLM analysis showed a significant Age This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Discussion
The results in the Experiment 1 were obtained from the same sample that had shown a reliable age-related associative deficit with unrelated word pairs (Bender et al., 2010 ), yet we found no such deficit for face-name associations. To compare the results of this experiment to those reported in the study on which Experiment 1 of the present study was based (Naveh- Benjamin et al., 2004) , we computed the descriptive statistics for the older adults aged at least 60 years (n ϭ 50; M age ϭ 71.0, SD ϭ 4.5 years) in our Experiment 1. Although recognition performance by older adults in Experiment 1 did not differ across tests and stimulus types, they performed considerably better on recognition of associations than was reported for older participants in the Naveh- Benjamin et al. (2004) study (see Figure 3) . However, older participants in Experiment 1 performed worse on name recognition and substantially worse on face recognition than the older group reported by Naveh- Benjamin and colleagues (2004) . Thus, although recognizing faces and names in the current task was more difficult for older participants, associations were better recognized than in the Naveh- Benjamin et al. (2004) study. Differences in stimuli, task parameters, and sample selection could have accounted for the discrepancy between Naveh- Benjamin et al. (2004) and the results of Experiment 1. First, the face stimuli employed by Naveh-Benjamin and colleagues were color photographs of variable quality taken from yearbooks and other sources on the Internet. In comparison with the uniform, normed, grayscale stimuli used in our Experiment 1, those face stimuli contained a variety of distinct details (e.g., color, clothing accessories, affective expressions, and background items such as cars, trees, and houses). Color and visual contextual details facilitate object recognition (Berry, 1991) . Notably, Naveh-Benjamin and colleagues (2009) also found no age-related associative deficit using identical face stimuli from the same Minear and Park (2004) grayscale set, but under an incidental memory paradigm. Thus, it is possible that various manipulations of stimulus saliency account for the discrepancy between the studies in the age-related associative deficit. Such deficit may be restricted to more distinct, complex, and explicitly encoded visual stimuli. Second, the discrepancies in the magnitude of the associative deficit could stem from differences in the sample composition, as inclusion of persons with common age-related conditions such as diabetes and cardiovascular disease in the previous study (Naveh -Benjamin et al., 2004) could have exacerbated deficits in cognitive performance. However, because the ADH was upheld for word pairs, but not for face-name pairs in the present study, it is more likely differences in test materials and not altered sample composition are responsible for this discrepancy.
We conducted Experiment 2a to examine possible reasons for the discrepancies in the generation of the associative deficit between Experiment 1 and the prior study (Naveh-Benjamin et al., 2004) . In Experiment 2a, we directly compared the capacity of the original and modified versions of the task, including two different types of face stimuli, to elicit the associative deficit. Importantly, whereas the original version of the task (Naveh- Benjamin et al., 2004) included four study lists, each with 32 pairs presented at study and eight trials for each of the four recognition tasks, the modified version reported in Experiment 1 differed in several aspects: three lists with 48 pairs were presented at study, and 12 trials were presented per recognition test. Two plausible reasons for the absence of an age-related associative deficit in Experiment 1 were sample and stimulus characteristics. Thus, in the comparison of the two tasks, we adhered to the less rigorous eligibility criteria used by Naveh- Benjamin and colleagues (2004) and replicated their extreme age groups design. As in Experiment 1, one set of faces consisted of monochromatic, grayscale face stimuli from the normed pool (Kennedy et al., 2009) , whereas the second This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
set consisted of items from the original pool (Naveh- Benjamin et al., 2004) , face images with higher and more variable visual complexity that were more distinctive and salient than stimuli used in the Experiment 1. The latter contained more visual detail and complexity than the faces used in Experiment 1. We reasoned that although enriched stimuli may help item recognition (Naveh- Benjamin & Craik, 1995; Oliva & Torralba, 2007) , processing of extra details may serve to distract older participants from facename binding, becoming costlier for older adults to form associations, thus reducing their performance differentially.
Experiment 2a Method
Participants. Participants were 32 younger (M age ϭ 21.59, SD ϭ 3.01 years) and 32 older (M age ϭ 71.97, SD ϭ 4.86 years) adults, evenly divided by sex. The younger participants were recruited from psychology classes, and the older participants came from the greater Detroit metropolitan community. Participants signed an informed consent form approved by the university IRB. Younger participants received course research credit, and older participants earned $25. All participants were native English speakers, had a minimum of a high school diploma or equivalency, and scored at least 26 on the MMSE (Folstein et al., 1975) .
Participants were excluded if they reported any of the following: current substance abuse or dependency treatment, consuming more than three alcoholic beverages on more than 2 nights a week, seeing a physician or other health professional for cognitive problems, unconsciousness for more than 5 min during the last 15 years, head injury resulting in hospitalization for more than 24 hr in the last 15 years, history of stroke, electroconvulsive treatment, epilepsy, brain surgery, encephalitis, meningitis, multiple sclerosis, Parkinson's disease, Huntington's disease, Alzheimer's disease, schizophrenia, bipolar disorder, or currently taking any psychiatric medication other than selective serotonin reuptake inhibitors. In contrast to the sample employed in Experiment 1, however, persons with history of cardiovascular disease, diabetes, and thyroid disorder were allowed to participate. In both age groups, men and women did not differ in age, education, or MMSE (p Ͼ .05 for all; Table 3 ).
Design and procedure. As in Experiment 1, we used a 2-AFC paradigm to test recognition for names, faces, and pairings of the two. The testing procedure employed in Experiment 2a included separate administrations of two different, but related memory tests, each with item and associative recognition tasks, but employing different types of face stimuli. The first task used the uniform grayscale stimuli with neutral background described in Experiment 1, and is referred to as the low-saliency (LS) test. The second task used the more visually complex face stimuli described in Naveh- Benjamin et al. (2004) and is referred to here as the high-saliency (HS) task. The order of presentation for the HS and LS tasks was counterbalanced across participants.
Task design. The stimuli and procedure for the LS test were identical to those described in Experiment 1. In the study phase for the HS test, stimuli from one of four lists of 32 face-name stimuli pairs appeared on a computer screen, followed by the same interpolated activity as in Experiment 1. Participants then performed four 2-AFC recognition tests as in Experiment 1 and with LS test. The names (first and last; equal number of masculine and feminine names) were also taken from the Naveh- Benjamin et al. (2004) set, and were augmented with names sampled randomly from a phone directory to supplement those from the original task that were used as stimuli in Experiment 1 and the LS task; care was taken to avoid using any common first or last name with different face stimuli. In the absence of any a priori hypotheses regarding the name stimuli as the mnemonic element responsible for the discrepancy between the results from Experiment 1 and those reported by NavehBenjamin et al. (2004), we did not counterbalance names across the HS and LS tasks.
HS faces were in color, balanced for sex, age (18 -25 vs. 65-80 years), and positive versus neutral emotional expressions. Unlike the highly standardized LS faces that showed faces from the neck up, HS stimuli varied in size, proportion of body in the frame, background objects or scenery, extrafacial features or accessories (hats or sunglasses), camera and light source angle, and contrast, (see Figure 4 for examples of the HS face-name stimuli and the task design).
The HS stimulus lists were counterbalanced in a Latin square. From each list of names and faces, 32 face-name pairings were created with gender-matched face-name pairings. On the basis of the stimuli and procedure from Naveh- Benjamin et al. (2004) , each list of 32 HS face-name pairs was further subdivided into three separate sublists, in an effort to minimize the likelihood of binding specific facial feature-name combinations across the sample. Each sublist included the same names and faces, but the face-name pairings were counterbalanced such that names were paired with different faces for each sublist. At study, each HS face was displayed at the top of the screen with the name below it for 3 s, without a pause between pairs of stimuli. The 2-AFC recognition tests were then administered in a random order for each participant (24 possible presentation orders). Any name or face appeared on only one of the tests. All tests were self-paced and required a response to one item for the next trial stimulus to appear. Following completion of study-test phases for each stimulus list, the procedure was repeated with the remaining stimulus lists, the order of which was counterbalanced across the sample.
Forced-choice recognition tests. The tests were identical to those described in Experiment 1, with minor modifications. The number of trials differed between the HS and LS tasks, with 12 trials in each test for the LS set, and (for consistency with prior studies) 8 trials in each test on the HS set. To prevent using mismatches in response selection (Naveh- Benjamin et al., 2004) This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
on recognition tests, the two faces (names) in each display were matched for age and gender. At associative recognition tasks, participants were told that they had already seen all components and their task was to choose the appropriate pairings. Although the LS testing procedure was identical to Experiment 1, the HS tasks required participants to respond by pressing the Z or "/" keys for left-right responses, respectively, as in the original Naveh- Benjamin et al. (2004) task. Similarly, a 250-ms delay followed each response before the next item appeared in the LS test, but there was no delay between items in the HS test. For both the HS and LS tasks, participants received the same intentional study instructions for items and pairings as in Experiment 1. Prior to the study session, participants performed a practice task in which six face-name pairings were shown, followed by 60 s of interpolated activity and a familiarization trial on each test. To assess the potential impact of age differences in speed of processing on the results, trial RT were recorded, and mean RT for hit trials were calculated for each test and for all stimuli of the LS and HS sets. Data conditioning and statistical analyses. Data were screened to ensure statistical assumptions were met. To facilitate comparison between the two types of stimuli, mean scores for each test were generated by averaging the PC values across the lists, separately for tests of LS and HS stimuli. We used GLM with PC as the dependent variable, age group and sex as between-subjects factors, and test (item vs. association), stimulus type (faces vs. names), and saliency (LS vs. HS) as within-subject factors. The second-order interactions were included in the full model, but if found nonsignificant, the model was reevaluated with those terms omitted. Huynh-Feldt corrected values were used for interactions to address violations of the sphericity assumption. Post hoc decomposition of higher order interactions was performed using Newman-Keuls tests of simple comparisons with critical ps Ͻ .05. In addition to assuming superior performance by younger adults, we also hypothesized that older participants would demonstrate an associative deficit for HS but not LS stimuli as evidenced by significant interactions of Test with both Age Group and Saliency, and a three-way interaction among those factors. On the basis of the findings of Naveh- Benjamin et al. (2004) , we also hypothesized that faces would be better recognized than names, independent of age. (2004) , but cannot be reproduced here due to copyright and privacy concerns. The faces shown, which represent HS face stimuli very similar to the original ones used, were all rendered in color, with variable sizing, background imagery, and lighting. In the HS study phase, participants saw 32 face-name pairs for 3 s each. Separate, two-alternative forced-choice recognition tasks with eight trials each tested participants' recognition memory for items and associations for faces and names. The item task had participants indicate which face or name (left or right) had been presented at study. Association recognition trials required participants to decide which face or name (left or right) had been paired with the target item during the study phase. See the online article for the color version of this figure.
This document is copyrighted by the American Psychological Association or one of its allied publishers.
Results
Recognition performance. As shown in Table 4 , the analyses yielded multiple significant interactions, including most notably a three-way Saliency ϫ Test ϫ Age Group interaction. To assess whether the Test ϫ Age Group interaction was restricted to the HS stimuli, as hypothesized, this interaction was probed by subsidiary GLM analyses, separately for LS and HS tasks. Age group served as a between-subjects factor; item and association performance, averaged across stimulus types, were treated as repeated measures. The subsidiary analyses revealed a significant Test ϫ Age Group interaction for the HS stimuli, F(1, 62) ϭ 15.08, p Ͻ .001, p 2 ϭ 0.195, but not the LS stimuli, F(1, 62) ϭ 0.07, p ϭ .786, p 2 ϭ 0.002. In addition, post hoc NewmanKeuls tests of simple effects revealed no age differences in item recognition for HS stimuli, which yielded the highest scores of all stimulus-task combinations among older participants. In contrast, on the HS association tasks, older adults attained their lowest mean scores-significantly below the levels observed on all other combinations of task, stimulus type, and age groups (details in Table 5 and Figure 5A ).
The analyses also yielded a Saliency ϫ Test ϫ Stimulus Type interaction, with Newman-Keuls tests revealing that old and young participants scored best on HS face recognition, followed by the HS name recognition, and LS face recognition; scores were similar on the LS name and face association tasks as well as on the HS face association task. Performance was worst on the HS name association task, and only slightly better on the LS name association task. In addition, a significant main effect of age group reflected superior recognition performance by younger adults, and a significant main effect of saliency was observed, as greater accuracy was noted in recognition of the HS than of the LS stimuli. A significant main effect of test was due to better recognition of items compared to associations. Similarly, a significant main effect of stimulus type resulted from superior recognition of faces than of names. Table 5 contains scores broken down by test, age group, and stimulus type.
We performed additional analyses to test whether a greater item distinctiveness advantage was associated with a greater disadvantage for associative memory. After calculating the differences between HS and LS item recognition and between HS and LS associative recognition, we computed zero-order correlations between the two difference scores for younger and older adults. No significant associations were noted for younger (r ϭ Ϫ0.115, p ϭ .542) or older participants (r ϭ Ϫ0.320, p ϭ .074). The association for older adults became significant, however, after excluding two participants with extremely high positive difference scores, both for items and associations (r ϭ Ϫ0.411, p ϭ .024). Sensitivity analysis (Hulley, Cummings, Browner, Grady, & Newman, 2013) indicates that rejecting a null hypothesis for a moderate correlation (i.e., r ϭ Ϫ0.40) at ␣ ϭ .50, two-tailed, would require 47 participants per group, or roughly doubling the current sample size.
Speed of processing. Trial-by-trial RTs were recorded and averaged across hit trials for each test and stimulus list for tests of both HS and LS stimuli (see Table 5 ). To correct for RT distribution skewness, we applied a log transformation. LogRT was the dependent variable in a GLM like the one employed in the PC analyses, above. We hypothesized faster responses for recognition of items than of associations, shorter RTs for correct recognition of HS than of LS stimuli, and faster responses for recognition of individual faces than of names.
The RT analyses (see Table 5 ) revealed several significant interactions. Post hoc Newman-Keuls tests of a significant Saliency ϫ Test ϫ Stimulus Type interaction showed that HS faces elicited the fastest RTs. There were no differences in RT among LS items and both LS and HS associations. Two second-order interactions indicated faster responses to HS items, and faster responses to face items. There was also a main effect of age group, as younger adults responded faster than older adults, but there were no significant interactions with age group. In addition, there was a main effect of saliency, with faster responses to HS than to LS stimuli. There was a main effect of test, with faster RT on tests of items than of associations. Finally, there was a main effect of stimulus type that reflected correct recognition of name stimuli taking longer than correct recognition of faces (see Figure 5) .
Discussion
This experiment produced two notable findings. First, the magnitude of age-related decrements in recognition memory varied across tasks and stimulus types. No age differences were observed in the accuracy of HS item recognition, which was the easiest task for the older adults. In contrast, on the HS association tasks, older adults attained their lowest scores. Thus, as hypothesized, greater saliency and visual complexity of face stimuli boosted recognition for both age groups (effect size, Cohen's d with Hedges correction, d ϭ 1.46 for the young and d ϭ 2.08 for the old), but was linked Note. Accuracy models reflect arcsine-transformed proportions of correct scores; a log-transformation was applied to modeled response times. ‫ء‬ p Ͻ .05. This document is copyrighted by the American Psychological Association or one of its allied publishers.
to reduced recognition of associations in older adults (d ϭ Ϫ0.62), without affecting that of the young (d ϭ 0). The observed facilitation of recognition by stimuli enrichment is in accord with reports suggesting that higher levels of implicitly encoded visual features enable faster, more accurate object recognition (Chun & Jiang, 1998) , and that memory is better engendered by realistically colored images than by stimuli rendered in grayscale (Berry, 1991) . Regardless of age, objects and surrounding congruent scenes are processed and encoded together (Fenske, Aminoff, Gronau, & Bar, 2006; Rémy et al., 2013) . Moreover, spatial contextual information perceptually primes subsequent object recognition, and face recognition is enhanced by reinstatement and impeded by deletion of encoding context (Memon & Bruce, 1983; Watkins, Ho, & Tulving, 1976; Winograd & Rivers-Bulkeley, 1977) .
According to Yonelinas (2002) , associative familiarity is only possible with unitization of associated elements. Younger and older adults show equivalent memory for complex stimuli with a foreground object and background scene, and memory for such images may represent a special case of associative memory due to unitization of scenic elements (Gutchess & Park, 2009 ). The results of Experiment 2 are consistent with this interpretation, and support the view that highly correlated visual elements promote unitization (Mayes, Montaldi, & Migo, 2007) . Cognitive and mnestic procedures deployed by older adults benefit from the use of external cues, and may attenuate concomitant age-related reductions in the efficacy of self-initiated processes. The increased reliance on environmental support may, however, further impair memory processes when such external cues do not support specific cognitive operations. The present findings suggest that although external cues may reliably enhance face recognition, for older adults this benefit may come at the expense of reduced associative binding with names. Thus, the negative effect of stimulus enrichment on associative memory contradicts the belief that salient context is universally beneficial for memory performance (see Naveh-Benjamin & Craik, 1995, for a similar position) and offers an important qualifier of that proposition.
The differences in task or stimulus properties between the two tasks may present a plausible explanation of the performance discrepancies between HS and LS tasks. Whereas the HS task consisted of 48 face-name pairs at study and 12 trials per test, in the LS Task 32 pairs were presented at study and only eight trials per test were used at the recognition stage. Accordingly, it is possible that differences in study and recognition loads were responsible for the disparity between HS and LS performance in Experiment 2a. To address this concern, we administered the LS recognition task to a new sample drawn from the same local community population and according to the same health and exclusion criteria as those employed in Experiment 2a. We did, however, vary the number of stimulus pairs presented during study as well as the number of recognition trials to test whether differences in study and recognition loads might be responsible for the observed discrepant results.
Experiment 2b

Method
Participants. Participants were 28 younger (14 men and 14 women; M age ϭ 21.86, SD ϭ 2.94 years), and 24 older (11 men and 13 women; M age ϭ 71.25, SD ϭ 7.22 years) adults. The young participants were recruited from psychology classes at Wayne State University. Older participants were recruited from the greater Detroit metropolitan community, as before. Twenty-six young participants received research participation credits for their course; two young and all older participants earned $15. All participants were native English speakers, had a minimum of a high school diploma or equivalency, and scored above 26 on the MMSE (Folstein et al., 1975) to rule out cognitive impairment. Participant eligibility was determined using the same criteria as in Experiment 2a.
Men and women did not differ in education, or MMSE scores (see Table 6 ). Although there was no significant difference in MMSE scores, t(50) ϭ Ϫ1.78, p Ͼ .05, older adults had, on average, one more year of education than did younger adults: t(50) ϭ Ϫ2.02, p Ͻ .05. Among the older but not younger adults, men were significantly older than women: M age ϭ 76.2, SD ϭ 6.8 years versus 67.1, SD ϭ 4.5 years, t(22) ϭ Ϫ3.93, p Ͻ .001.
Design and procedure. The stimuli were identical to those from Experiment 1 and to the LS stimuli of Experiment 2a. Here, each of the three study lists of face-name pairs were modified so that each list had 8, 10, or the original 12 items per test. To create the new lists, the original LS stimulus lists of 48 face-name pairs from Experiment 1 were used, and randomly selected face-name pairings were removed according to the scheme of one young male, one young female, one old male, one old female. Two such foursomes were removed to create the lists of 40 pairs (i.e., for the 10-item test lists) and an additional two of such groupings were This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
removed to create the lists of 32 pairs (i.e., for the eight-item test lists). Recognition trials associated with the removed stimuli were omitted from the recognition tests to yield the intact and reduced lists. In the study phase, one of the three lists of stimuli (32, 40, or 48 pairs) counterbalanced across participants was displayed on a computer screen. Participants then counted backward for 60 s to prevent rehearsal. Following the study phase and interpolated activity, participants performed four 2-AFC recognition tests (face-item, name-item, face-association, name-association). Following completion of testing, the process was repeated with the remaining stimulus lists until all participants had completed testing on all three list lengths. Data conditioning and statistical analyses. PC scores were computed for each recognition task by dividing the number of correct recognition judgments by the total number of trials in each test. Data were screened for violation of statistical assumptions.
Six scores were generated for each participant, reflecting PC for the item and association subtasks for each of the three list lengths, collapsed across stimulus types. The GLM framework was employed to analyze recognition performance on the four 2-AFC tasks from 3 lists of varying length. Age group was a categorical predictor, and the two tests (item and association), and three list lengths (32, 40, and 48 studied pairs) were treated as repeated measures. Huynh-Feldt corrected values were used to address violations of sphericity assumption. We hypothesized that all participants would perform better on recognition of shorter lists of both items and associations. In addition, we hypothesized a threeway interaction of age, test, and list length, such that older adults would have better associative recognition on shorter lists than younger adults would.
Results and Discussion
The GLM analyses revealed a significant main effect of age group that reflected better performance by younger participants compared to their older counterparts, but there were no significant interactions with age (see Table 7 ). Post hoc tests of a significant Test ϫ List Length interaction revealed superior memory for associations, but not for items, on a shorter list (32-item vs. 40 or 48 items). Notably, however, there was no List Length ϫ Age Group interaction, nor any other significant effects. Furthermore, recognition performance on the longest lists was comparable to the results of Experiment 2a (see Table 8 ). Next, the GLM analyses were rerun to evaluate differences in log-transformed hit RTs. Newman-Keuls post hoc tests of a significant List Length ϫ Age Group interaction showed slower responses by older than by younger participants. Although there were no differences among RTs of older adults to the different list lengths, younger participants' responses were slower for the 12-item tests than for the shorter list lengths. Notably, there was no Age Group ϫ Test ϫ List Length interaction for RTs.
The results of Experiment 2b demonstrated that memory and recognition loads do not affect item memory in older adults. The absence of a significant list length effect in Experiment 2b supports the proposition that variation in memory load cannot explain the findings of Experiments 1 and 2a. Because shorter study lists with fewer face-name pairs and fewer recognition trials did not differentially affect performance in older adults, these findings lend further support to the notion that the differences in associative deficits observed in those experiments are indeed due to mediating This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
effects of stimulus saliency, and not to other differences between the two tasks in Experiment 2a.
Additional support for this proposition comes from the finding in Experiment 2a that the HS items produced the fastest RTs and the best item recognition. The results of Experiment 2a suggest that ADH is predicated, at least in the current study, on very high recognition of items, in addition to reduced associative recognition. Because the age-related associative deficit hinges on a difference between recognition of items and associations, differences in item recognition between the stimuli sets that differ in saliency may influence the likelihood of observing the phenomenon and thereby supporting ADH. Although Experiment 2b demonstrated that the generation of an associative deficit does not depend on length of encoding and retrieval lists, it did not explicitly compare item recognition for the two stimulus types. Thus, it is important to examine whether item recognition of HS faces is superior to that for LS faces, while holding other properties constant between the two. Furthermore, it is possible that differential item recognition between the two tasks may be affected by the explicit associative encoding of faces and names together during encoding. Therefore, in light of these concerns and because of the differential performance on the HS and LS saliency sets reported in Experiment 2a, we investigated whether item recognition differed between the HS and LS saliency sets, without an associative memory component. In addition, we hypothesized that greater visual complexity and variability of the HS faces would enhance item recognition, as reflected by higher accuracy and faster responses.
Experiment 3 Method
Participants. We recruited younger participants from psychology classes, and older participants from the greater Detroit metropolitan community. Younger and older participants were compensated with experiment participation credit and monetary remuneration of $25, respectively. Participants provided informed consent in accord with university IRB procedures. For purposes of consistency with the prior study, we replicated the participant eligibility criteria used in Experiments 2a and 2b.
Participants were 41 younger (18 to 30 years old; mean age ϭ 22.34; SD ϭ 1.74 years; 66% women) and 34 older (60 to 84 years old: M age ϭ 68.94, SD ϭ 6.78 years; 56% women) adults. In both age groups, men and women did not differ with regard to age, self-reported years of education, or MMSE scores (see Table 9 ).
Design and procedure. Experimenters administered the task using SuperLab 4.5 (Cedrus Corp., San Pedro, CA), which serially presented participants with visual stimuli-individual faces or names were presented separately in different administrations. In contrast to the previous experiments, participants studied lists composed exclusively of items; no associations were studied or tested in this experiment. Recognition of faces and names was tested in separate study-test administrations. In tests of face recognition, participants studied three separate lists consisting exclusively of face stimuli. One list included only LS faces, one list included only HS faces, and a third list included equal numbers of LS and HS faces. Stimuli for tests of name recognition were surnames taken from the sets used in Experiments 1 and 2a. As the names did not differ on any dimensions across studied lists, they served as controls for the tests of face recognition. Participants completed administrations for all three lists for one stimulus type (face or names) before administration of the three lists for the other type, and the order was counterbalanced across the sample. The HS and LS faces were stimuli from Experiment 2a supplemented by similar HS images from free online sources, and LS stimuli were added from the PAL face database (Minear & Park, 2004) . Face stimuli were evenly divided by sex and age, with 40 items per list, and three versions of each list assigned randomly across the Note. Accuracy models reflect arcsine-transformed proportions of correct scores; a log-transformation was applied to modeled response times. ‫ء‬ p Ͻ .05. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
sample in a Latin square design. Recognition test stimuli were sampled from the study lists, excluding the first and last three items from each list to minimize primacy and recency effects. Target-foil combinations across lists were paired on the dimensions of gender, age, physical characteristics, and ethnicity. Recognition tests for faces and names were administered separately, in a randomized order. For each stimulus list (HS, LS, combined) participants studied 40 items, and the order of list presentation was randomized in pseudo-Latin square design. A custom-designed task implemented in SuperLab version 4.5 (Cedrus Corp., San Pedro, CA) serially presented 40 faces (names), one face (name) at a time, for 3 s each followed by a 200-ms interstimulus interval. Immediately following study, the program instructed participants to count backward by threes from a random number between 900 and 999 for one minute. Following this interpolated activity, participants completed a 2-AFC recognition task similar to the item recognition tasks in Experiments 1 and 2. To limit the encoding and recognition loads and maintain some similarity in the number of recognition trials with the previous experiments, participants completed 20 name or face recognition trials per list, rather than test recognition on all studied items. Previously presented targets and unstudied foils were presented side-by-side and remained on the screen until the participant responded. For the combined list trials, targets and foils originated from the same stimulus type (LS or HS). Experimenters instructed participants to keep their fingers over the keyboard D and J keys labeled "LEFT" and "RIGHT," and to indicate as quickly and carefully as possible which of the items they recognized as "old."
Data conditioning and analysis. To correct skewness an arcsine transformation was applied to PC scores and a log transformation was applied to the RT data. Name and face recognition were analyzed separately using a GLM analytic framework with PC as a dependent variable, saliency (three levels: LS, combined, and HS) as repeated measure, age group (young, old), sex (men, women), and their interactions-as independent variables. We hypothesized that higher levels of saliency in face stimuli would yield better recognition performance with faster responses. We expected better performance by younger than older participants, overall. However, because saliency appears to affect interitem associative binding differentially, we did not expect an interaction of age and saliency on item recognition performance without an explicit associative component. However, we did expect that older adults would show a particular benefit of saliency on response timing. For all models, if the interaction between sex and age group was nonsignificant (p Ͼ .1), the model was reevaluated with the interaction omitted. Huynh-Feldt correction was used to address violations of the sphericity assumption.
Results and Discussion
The GLM evaluating face recognition accuracy revealed neither a main effect of age group, nor of sex (see Table 10 ). Our hypothesized main effect of saliency was decomposed with post hoc comparisons: independent of age group, face recognition performance on the HS face stimuli (unadjusted M ϭ 0.953, SD ϭ 0.062) was superior to performance on the LS (unadjusted M ϭ 0.881, SD ϭ 0.130) and on the combined stimulus condition (unadjusted M ϭ 0.915, SD ϭ 0.097; p Ͻ .001 for both); Bonferroni correction rendered the difference between the LS and combined stimuli nonsignificant (corrected p ϭ .109). In a subsidiary GLM analysis comparing recognition performance of HS and LS items included in the combined list, age group was an independent variable and the arcsine transformed responses for HS and LS items were repeated measures. The analysis of responses in the combined list showed a main effect of saliency, F(1, 72) ϭ 16.349, p Ͻ .001, p 2 ϭ 0.185. In the combined list, HS faces (unadjusted M ϭ 0.942, SD ϭ 0.102) were better recognized than LS faces (unadjusted M ϭ 0.899, SD ϭ 0.105). We carried out additional post hoc t tests to compare recognition of HS and LS faces in the combined list to performance on the lists that included only HS or LS faces. Recognition performance for HS items in the combined list was similar to performance on the list that included only HS items, t(73) ϭ 0.687, p Ͼ .05, and recognition of HS faces on the combined list did not statistically differ from recognition performance on the list including only HS faces, t(73) ϭ 1.465, p Ͼ .05. As expected there were neither significant main effects nor interactions for names (for all, p Ͼ .15), demonstrating no differences in recognition of individual surnames by age, sex, or across lists, because name stimuli served as controls for face recognition and did not differ across lists.
The analyses of log-transformed RT for correct face recognition revealed a significant Sex ϫ Age Group interaction. Post hoc comparisons showed significantly slower responses by the older women in the sample (unadjusted M ϭ 2347.724, SD ϭ 850.588 ms) in comparison to those by older men (unadjusted M ϭ 1768.151, SD ϭ 467.924 ms), t(32) ϭ 2.752, p Ͻ .01. In contrast, the logRTs for younger adults did not differ by sex (women's unadjusted M ϭ 1604.480, SD ϭ 488.189 ms; men's unadjusted M ϭ 1682.445, SD ϭ 374.430 ms), t(38) ϭ 0.786, p Ͼ .4. Moreover, older women had significantly longer face recognition logRT than younger women, t(44) ϭ 4.305, p Ͻ .001, whereas men's logRT were unrelated to age, t(26) ϭ 0.387, p Ͼ .7. A main effect of saliency was also followed up by post hoc t tests for repeated measures with Bonferroni correction. Independent of age, In line with the hypothesis generated following Experiment 2a, Experiment 3 demonstrated superior accuracy and faster responses in correct recognition of faces when images were more salient due to inclusion of nonfacial contextual information and greater interitem variability, independent of age. No differences were noted in name recognition, thus suggesting that the effect observed in Experiment 2a did not reflect an influence of additional lexical or visual elements requiring binding. It is apparent that recognition of single items is equally easy for adults of all ages. Thus, it provides a good benchmark for comparison with memory for face-name associations.
General Discussion
The main outcome of this series of experiments is establishing an important boundary condition of ADH. We demonstrated that the differential age-related deficit in recognition of face-name associations is not a universal phenomenon and that its generalization may depend on the properties of face stimuli. While replicating age-related differences in associative memory for pairs of names and highly salient faces, we observed no such effect for standardized face stimuli devoid of contextual cues and background details.
The effect of stimulus saliency and visual complexity was notable. Regardless of the observer's age, highly distinctive face stimuli rendered in color and accompanied by multiple nonfacial details as well as salient characteristics such as eye color and head rotation were easier to recognize and required shorter processing time than less distinctive, grayscale face stimuli did. In contrast, only for older adults was the association of names and faces clearly easier when fewer contextual details accompanied the face. The reasons for this finding are unclear but several candidate mechanisms can be contemplated.
Enriching stimuli by increasing the number of salient features (i.e., first and last names, visually complex faces) may put additional load on binding processes for intraitem unitization as well as interitem associations. Thus, while enhancing item memory, it may contribute to disproportional escalation of the binding costs in older adults. In short, for older persons, stimulus complexity, salience, and embedded context, a friend of item recognition, turns into a foe of associative memory.
This phenomenon can be related to the "dark side of support" hypotheses recently proposed to explain age differences in memory (Lindenberger & Mayr, 2014) . In their review, Lindenberger and Mayr (2014) noted that even when internal contextual cues benefit performance, older adults fail to capitalize on them and revert to less efficient external support (outsourcing). As older adults are progressively driven to "outsource" support to the external cues, increased reliance on added features and extrastimulus context may hinder cognitive performance. It is likely that an age-related reduction in general resources rather than specific deficit is to blame for the emergence of this deficit (Benjamin, 2010; Spencer & Raz, 1995) .
Although adding extraneous context improves face recognition (Goshen-Gottstein & Ganel, 2000) , contextual cues need to be processed simultaneously with the stimulus to act as a supporting factor (Gibson, 1940) . The transformation of stimulus complexity and saliency from a friend of memory to its foe may reflect both weakening of internal representations with age and a tendency to seek extrastimulus cues in the climate of dwindling general cognitive resources (Lindenberger & Mayr, 2014; Neider & Kramer, 2011; Verhaeghen & Cerella, 2002) .
Age-related declines in attentional control may also play a role in turning helpful cues to the "dark side." In older adults, a rich, Figure 6 . Comparing item recognition performance in Experiment 3 on three separate lists of faces and names by younger and older adults. Open bars represent younger adults and diagonally patterned bars, older adults. Error bars are standard errors of the means. A. Proportion correct by younger and older adults on face-name recognition tasks using low-(LS), and high-saliency (HS) face stimuli and combinations of the two. B. Response times of younger and older adults on the LS and HS face-name recognition tasks and a list combining LS and HS stimuli. This document is copyrighted by the American Psychological Association or one of its allied publishers.
perceptually complex context may become a distractor diverting limited attentional resources needed for interitem associative binding (e.g., of a face and a name) to intraitem unitization (e.g., of a face). Given the tendency of older participants to disengage from burdensome information by refraining from self-initiating access (Craik & Byrd, 1982) , this may account for the disproportionate drop in performance. In addition, whereas intraitem unitization is processed by visual and ventral temporal cortical regions, processes that show relatively small age-related declines, item memory and associative binding are supported by medial temporal lobe regions that are more negatively affected by aging (Raz et al., 2005; Staresina & Davachi, 2010) . The observed effect of stimulus complexity is in accord with a recently reported finding of improvement in item memory and decline in memory for associations in young adults under the condition of sensory degradation of the stimuli (Naveh- Benjamin & Kilb, 2014) . Thus, recognition of noisier stimuli by younger adults appears to simulate the magnitude of the associative deficit by older adults, and suggests that greater perceptual and attentional resources required for item encoding may increase the cost of associative binding. Whatever the driving forces behind it, the shift from efficient utilization of internal cues and self-initiated strategies to less-than-optimal reliance on external support occurs gradually and its age trajectory remains poorly understood; understanding this phenomenon is a worthy goal for future investigations. Several design characteristics could have contributed to the observed failure to uphold ADH with a particular kind of stimuli. Because ADH rests on the contrast between item and associative recognition, the observed stimulus saliency or visual complexity effect may reflect either side of this comparison. First, it is possible that ADH reflects a ceiling effect stemming from enhanced stimulus saliency and making item recognition too easy for many participants. If this were correct across studies, ADH would have appeared as an artifact of ceiling effects. The results of studies cited in the introduction and of our own findings do not support this proposition. In Experiment 2a, we indeed observed face recognition performance near ceiling for HS but not for LS face stimuli. However, such ceiling effects for item recognition were not apparent in the study by Bender and colleagues (2010) that included all the participants from Experiment 1 here, and upheld ADH in the recognition of word pairs. Furthermore, whereas a few studies supporting ADH have reported item recognition performance near ceiling across the age groups (Bastin & Van der Linden, 2005; Naveh-Benjamin, Hussain, Guez, & Bar-On, 2003 , Experiment 1), the majority of equally supportive outcomes came from studies with no ceiling effects (Kilb & Naveh-Benjamin, 2007; Naveh-Benjamin, 2000; Naveh-Benjamin, Hussain, Guez, & Bar-On, 2003 , Experiment 2; Naveh- Benjamin et al., 2004 Benjamin et al., , 2009 ). Thus, ceiling effects, per se, do not affect the likelihood of ADH rejection. Nonetheless, the possible contribution of a ceiling effect in specific studies cannot be ruled out.
Second, we cannot exclude the possibility that in previous studies, differential reliability was at play, with item recognition being less reliable than memory for associations. As we demonstrate here, this was not the case in the reported experiments as moderately high and uniform reliability was attained across tasks. However, in conducting future experiments that hinge on comparing multiple conditions or tasks, uniform reliability must be established.
A third possible reason for the observed disparities in the likelihood of finding the age-related associative deficit may reflect age differences in the processing of items as well as associations. As a rule, older adults benefit from enrichment of stimuli presented in recognition memory experiments, and indeed, our HS face stimuli elicited higher recognition rates than LS faces. It is possible that this is due to the propensity of contextual cues to reward reliance on familiarity over recollection in face recognition by older people (Bartlett, Strater, & Fulton, 1991; Yonelinas, 2002) . Conditions that foster unitization of content and context may promote familiarity-based responses in older adults (Bastin et al., 2013) . Moreover, names associated with less distinct faces are more difficult to recognize (Figure 5a ; Pantelis, van Vugt, Sekuler, Wilson, & Kahana, 2008) , and the presence of multiple visual elements requiring associative binding or unitization may further facilitate item memory for names (Old & NavehBenjamin, 2008a) . Furthermore, the support for ADH in word pairs and face-name pairs with highly salient, visually complex faces, but not in face-name pairs with standardized grayscale faces also suggests that semantic links for lexical stimuli can serve as contextual support for item memory at the expense of associative binding.
Finally, age-related deficits in using strategies, deploying attention and encoding contextual cues may all reflect fundamental properties of the aging brain, which has long been viewed as an information processing system with progressively decreasing signal-to-noise ratio (Birren, 1958; Crossman & Szafran, 1956; Layton, 1975; Li, Lindenberger, & Sikström, 2001) . Information theory (Shannon & Weaver, 1949 ) has been applied to explain age differences in diverse experimental phenomena, such as visual search (Hoyer & Familant, 1987) , fragmented pictures identification (Cremer & Zeef, 1987) , and auditory stimulus persistence (Raz, Millman, & Moberg, 1990) . Increasing processing redundancy may be an optimal way of improving representational signal-to-noise ratio and minimizing transmission errors in a system composed of noisy elements. There are several ways to accomplish that goal. Improvement of signal-to-noise ratio results from increasing the time allocated for processing and allowing repeated runs for noise averaging (time redundancy). With a limited presentation time of three seconds to learn each pair, this was unlikely in the present study. Another way to improve processing of noisy stimuli is recruiting extra processing elements dedicated to the task (hardware redundancy). The latter approach corresponds to expansion of task-related activation in older adults reported by functional neuroimaging studies (Cabeza, Anderson, Locantore, & McIntosh, 2002; Grady et al., 1994) . The same goal can be attained by making the stimuli more redundant, that is, loading them with multiple correlated features (stimulus redundancy). It is the latter that may be at play in the experiments presented here.
In the outlined information-processing context, highly salient HS face stimuli with their multiple, distinctive contextual features are easier to recognize than LS stimuli. In encoding HS stimuli, binding and unitization of context and face occurs automatically (Gutchess & Park, 2009) , and results in reduced difficulty of face recognition as observed in the Experiment 3. However, associating salient, visually complex face stimuli with names likely requires additional binding, and in a noisy processor, such additional binding may increase the likelihood of error in recognition of the association. Thus, greater visual complexity that is helpful in encoding and recognition of individual items may become detrimental in recognition of associations. Indeed, there are examples showing that use of context may be a costly proposition for an This document is copyrighted by the American Psychological Association or one of its allied publishers.
increasingly noisy aging information processor (Chee et al., 2006; Gazzaley, Cooney, Rissman, & D'Esposito, 2005; Hasher & Zacks, 1988; Neider & Kramer, 2011) .
Limitations and Future Directions
The findings reported here should be interpreted in the context of several limitations. The first and the most obvious one is the cross-sectional design employed throughout this series of experiments. Therefore, the results, though relevant to the questions about age differences, reveal nothing about the temporal dynamics of aging that lead to the observed differences (Hofer & Sliwinski, 2001; Lindenberger, von Oertzen, Ghisletta, & Hertzog, 2011) .
Second, a coarse distinction between high and low saliency of the stimuli is only a first step in investigating the possible "dark side" of stimulus complexity, and saliency in age-related associative binding deficits. Future investigations of ADH should parametrize this dimension of the stimuli and establish the conditions under which the costs of context use become greater than the gains it promises in the enhancement of associative memory and how this cost-benefit balance may be altered by aging. The relative importance and salience of contextual cues embedded in the HS stimuli (e.g., indoor and outdoor background scenes, incidental objects displayed behind the respective faces, accessories, size, lighting, contrast, image quality, camera angle, proportion of body included in the image, and distinct emotional expressions signaling positive, negative or neutral affect) needs to be determined. Some of these cues may enhance facial memory in younger (Shimamura, Ross, & Bennett, 2006) but not older adults (Leigland, Schulz, & Janowsky, 2004) and increase false alarm responses in older but not younger participants (Werheid et al., 2010) . The relative importance of each of these specific contextual cues and their role in modifying age-related patterns of mnemonic performance is unclear. The present findings do not clarify specific mechanisms that may distinguish between stimulus complexity, saliency, variability, or distinctiveness as the source of the differential results observed between the two types of face stimuli. Nonetheless, one conclusion stands: Whereas different types of visual features improve item memory regardless of age, they have the opposite effects on associative memory in younger and older adults. This demonstrates that under some conditions, older adults do not exhibit an associative memory deficit. One or all of these mechanisms of complexity, salience, variability, and distinctiveness may contribute to this, and future research could look more into the specific factors responsible for these effects.
Third, selection of participants might have systematically influenced the results, because, as in Naveh- Benjamin et al. (2004) , the younger participants in Experiments 2a, 2b, and 3 were undergraduate psychology students. This group might have had greater and more recent experience with mnemonic strategies than older adults did, or than the younger participants in Experiment 1, who were not drawn from undergraduate research participant pools. Such differences in strategy use and metamemory may conceivably influence associative recognition performance (Bender & Raz, 2012) . Future studies should evaluate optimally healthy aging samples as reported in Experiment 1 to exclude the influence of common age-associated pathologies in the examination of age differences for item and associative memory as a function of item complexity and saliency.
Fourth, because the present study originated as an attempt to replicate the findings reported by Naveh- Benjamin et al. (2004) , we employed the same experimental task design. However, the interpretation of our findings may be limited by use of a 2-AFC recognition task, which precluded comparison of hit rate and false alarm rates. Thus, future studies applying single-item, yes/no recognition tasks may be better positioned to elucidate which aspect of associative recognition performance is more vulnerable to the effects of saliency and visual distinctiveness. Similarly, whereas item recognition tests required participants to distinguish studied targets from unstudied lures, the tests of associative recognition only included previously studied stimuli; future studies should consider also including novel stimuli in associative trials.
Finally, it is worth noting that not all contextual information may be equally burdensome to older people, and in some cases, context may improve recall and recognition. For example, adding self-relevant (Cassidy & Gutchess, 2012) , or emotional contextual details (May, Rahhal, Berry, & Leighton, 2005) , or incorporating autobiographic episodic information (Moberg & Raz, 1997) and other semantically enriching cues (Murphy, Cain, Gilmore, & Skinner, 1991) into otherwise spare stimuli benefits the memory performance of older adults and may even abolish age differences altogether. Investigating the disparate impact of various types of context on age differences in memory performance may help to further delineate the border conditions for ADH and elucidate its cognitive mechanisms.
In sum, we observed that enrichment of face stimuli significantly affects the magnitude of differential age effects on binding of face-name pairs. The age-related associative deficit is observed with highly distinct face stimuli that are accompanied by contextual details but not with more sparingly contextualized faces. The reason for this appearing and disappearing effect may be both the context-related benefit for item recognition and the cost of associative binding that stems from the same source.
